An efficient phage plaque screen for the random mutational analysis of the interaction of HIV-1 gp120 with human CD4.
A lambda phage expression methodology was adapted to dissect protein/ligand interactions efficiently through the creation and rapid screening of large numbers of mutants. Here we describe the method and its specific application to the interaction between the external envelope glycoprotein of the human immunodeficiency virus (HIV-1), gp120, and the human cell surface protein CD4. Random substitutions were introduced throughout the gp120 binding region (amino acids 38-62) in the amino-terminal domain of CD4 by oligonucleotide mutagenesis. These mutations were expressed within phage plaques and directly screened for their effect on binding of gp120 using a modified phage plaque lift procedure. Plaques showing increased, decreased, and no effect on binding were identified and mutations were verified by sequence analysis. In this manner, 25 unique mutations were identified that altered CD4 binding to gp120. A new site was identified at which mutations reduced binding to gp120 and several novel amino acid substitutions were defined at sites previously implicated in binding. Of particular interest, this in vitro genetic approach identified a mutation which significantly increased binding to gp120. The phenotypes of several of these mutants were further characterized by quantitative measurement of their binding affinity. The results confirmed the accuracy of the phenotypic selection and demonstrated that the sensitivity of the system allowed detection of a 3-4-fold increase or decrease in affinity. In the context of the recently determined atomic structure of CD4, these results further implicate residues in the CDR2-like region and in an adjacent loop in recognition of gp120. This methodology should be generally applicable to other high affinity protein/ligand interactions that are compatible with expression in Escherichia coli.